Objective: To determine the range and prevalence of pathological conditions and demonstration of significant anatomical structures in the maxillary sinuses using the cone beam computerized tomographic (CBCT) scan. Methodology: Case series of 60 CBCT scans of the maxillae. Results: Forty (67%) of the scans were of female patients while the rest (20, 33%) were of males. Remarkably, the majority of the scans were requested for those patients who sought dental implant fabrication. Overall, 35 (58%) scans demonstrated pathological features while 8 (13%) demonstrated significant anatomical structures. Pathological features included mucosal thickening in 26 (43%), polypoid lesions in 9 (15%), total antral opacification in 1 (2%) and foreign body in 1 (2%). The commonest anatomic feature was dental root protrusion into the maxillary sinuses in 8 (13%). Conclusion: The CBCT imaging is an important tool for investigating the maxillary sinuses for pathology and the demonstration of the associated anatomic relations.
Introduction
The cone beam computed tomography (CBCT) is an advanced form of three-dimensional imaging which was pioneered by Mozzo et al. 1998 and Aral et al. 1999 . It is custom-designed for the evaluation of hard tissues in the craniofacial area and has been in use since 1998 [1] [2] . The equipment uses a round or rectangular cone-shaped X-ray beam centered on a 2-dimensional (2D) detector. Image is acquired through a single 360-degree rotation of the X-ray source and a detector which moves synchronously around the head of the patient. At certain degree intervals, single projection 2D images are acquired leading to the projection data. Software programmes integrating the cone-beam algorithm are applied to these projection data to generate a 3-dimensional (3D) volumetric dataset. This can give 3D, multiplanar (axial, coronal, saggital) and panoramic images, which are free of superimpositions as compared to conventional 2D radiographs [3] - [8] . Compared to the conventional CT, CBCT unit is smaller, cheaper, involves a quick scan time and provides isotropic voxel resolution. The field of view varies from (height × width) 4 × 4 cm to 23 × 17 cm [1] [8] [9] . Notably, the radiation dose varies depending on the equipment, field of view (FOV) and selected technique. Nevertheless, the effective radiation dose is much higher than that of conventional dental radiography [9] [10] . Cone beam CT lacks a soft tissue window hence hindering the assessment of head and neck malignancy. Therefore, it is best suited for the assessment of bone and dental hard tissues [10] [11] .
Cone beam CT imaging has been applied in implantology, orthodontics, maxillofacial surgery and in the assessment of dentoalveolar pathology [12] . The scans often cover wide areas which may be outside the dental practitioners' area of interest such as the neck, intracranial structures, the paranasal sinuses and other airway spaces [13] . Previous CBCT studies have in fact demonstrated a high yield of pathological findings in the airway [14] - [17] .
The maxillary sinuses may manifest diverse pathological conditions including inflammatory reactions, antral polyps, retention cysts, neoplasms, lesions arising from trauma and other displaced objects [3] [18] . The demonstration of these features is useful when designing evidence-based management. Furthermore, the appreciation of the sinus associated anatomical structures including tooth roots in three dimensions can enhance focused delineation of other pathology. We analyzed archived CBCT scans to determine the range and prevalence of pathological conditions manifesting in the maxillary sinuses in addition to demonstrating significant anatomical findings.
Material and Method
The study involved case series of 60 archived CBCT scans at a private imaging centre in Nairobi, Kenya. The examinations had been performed utilizing a Cone Beam Computed Tomographic Unit CS 9000C 3D extraoral imaging system (Kodak) with a small focused field of view (FOV). The study included all the CBCT scans that were done since the installation of the CBCT machine in October 2010 to August 2012.
The CS 3D imaging software 3.2.9 was used to analyze the images which were reconstructed to obtain axial, sagittal and coronal views which could be viewed at an interval of 0.2 mm. Panoramic and 3D views were likewise reconstructed. Due to the small FOV, two or three images (volumes) were separately acquired and stitched together in order to cover a large part of the jaw. The scans of the maxillae partially covered the alveolar region, the maxillary sinuses and the nasal cavity. The study was approved by Kenyatta National Hospital/University of Nairobi-Ethics and Research Committee (KNH/UON-ERC); Approval number, P279/05/2012.
Results
There were 97 CBCT scans that were retrieved, majority 61 (63%) of the scans were done on female and 36 (37%) on male patients, the age was not indicated in some of the request forms; however 92 (95%) scans had a permanent dentition. Most (60, 62%) of the scans were of the maxilla hence they were included in the study. Majority of the maxillary scans (40, 67%) were those of female cases while only 20 (33%) were of males. Remarkably, the majority of the scans were requested for those patients who sought dental implant fabrication. Out of the 60 scans examined, 40 (67%) of them demonstrated significant features among which 35 (58%) were pathological while 8 (13%) were significant anatomical structures. The range and prevalence of all the significant features is depicted in Table 1 . Mucosal thickening (43%) constituted the commonest pathological feature (Figure 1) followed by polypoid lesions (15%) (Figure 2) . In 2% of the cases, a foreign body was demonstrated in the antral floor (Figure 3) . The significant anatomical structure was the protrusion of tooth roots into the sinus as shown in Figure 4. 
Discussion
When planning to perform elective procedures such as the provision of dental implants in the maxillae, it is im- portant to ascertain that the sinuses within them are absolutely healthy [19] . This would ensure the long-term survival of the rehabilitative structures. In the present investigation, a high yield of pathological findings has been demonstrated which is consistent with previous studies [14] [15]. Dental implant site assessment constitutes the most frequent indications for CBCT wherein the area of the nose and the maxillary sinuses can be within the imaging field [15] . It is apparent from most studies that antral mucosal thickening is the most common feature that is prominently seen on CBCT imaging. Such thickening can be a manifestation of diverse lesions due to trauma, microbial inflammation, airway conditions such as allergic rhinitis and asthma, foreign body reaction as well as early mucosal neoplastic changes [3] [17] [18] . Odontogenic infection involving periapical and periodontal tissues has also been found to play a significant role in the development of mucosal thickening and accounts for approximately 10% to 12% of cases of maxillary sinusitis [20] [21] . Based on the existing published evidence; CBCT scanning appears to demonstrate these changes much more clearly than plain radiography. In order to categorically ascertain this notion, more elaborate studies would be recommended.
The presence of polypoid lesions requires further specific investigations as this could be a manifestation of either space occupying indolent or aggressive neoplastic conditions. Further, polypoid lesions should be care-fully assessed and distinguished from odontogenic cysts and neoplasms which may impinge or infiltrate the antrum [3] .
The 3-dimensional demonstration of the relationship of the antral floor and tooth roots is practically important since the extraction of maxillary premolars and molars has been highly associated with oroantral fistulae [22] [23]. Moreover, endodontic procedures on such teeth may lead to extrusion of dental materials into the antrum as observed in this study which may lead to further complications. Hence, immediate diagnosis and management is recommended [24] . CBCT imaging may, therefore, offer the best assessment before the execution of the procedures thereby preventing or minimizing undesirable morbidity.
In order for dental practitioners to accurately evaluate and interpret the entire CBCT data set, the American Academy of Oral and Maxillofacial Radiology Executive Committee recommends that they undergo specific training on CBCT imaging. In addition, oral and maxillofacial radiologists may assist clinicians when necessary [13] .
Further, since the aetiology of maxillary sinus pathology is multifactorial, a multidisciplinary approach which may involve the dentist, oral and maxillofacial surgeon, Ear, Nose and throat (ENT) specialist, pulmonologist, allergy experts and the radiologist may be required in the diagnosis and management of significant findings. The ability to easily identify pathological changes in the antrum continues to demonstrate that CBCT could be applied in the initial evaluation of the maxillary sinus due to its low cost, less radiation and high resolution isotropic pixel. However, when CBCT imaging is not adequate, CT and MRI can be applied since CT offers a higher contrast and has a soft tissue window while MRl provides excellent visualization of the soft tissues [3] .
Conclusion
The CBCT imaging is an important tool for investigating the maxillary sinuses for pathology and the demonstration of the associated anatomic relations. Dental practitioners should endeavor to accurately and promptly diagnose significant findings in the antrum as well as manage or refer patients to the appropriate clinicians.
